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(57)Abstract: 

PURPOSE: To form an insulating film, which is good in 
burying properties and at the same time, has no void, is 
good also in flatness and is superior in film quality, as a 
first interlayer insulating film. 

CONSTITUTION: In the case where an insulating film in 
is formed on the surface of a silicon wafer 1 1, a base 
oxide film 12 is first formed, then, the surface of this film 
12 is treated with an organic compound and thereafter, 
the insulating film 14 is formed by a chemical vapor 
deposition method using an organic silicon compound as 
a raw material. After being formed, this film 14 is 
performed a reflow. By treating the surface of the film 1 2 
with the organic compound in such a way, the insulating 
film, which is good in burying properties, has no void and 
is good in film quality, can be formed and moreover, the 
surface of the film 14 is smoothed, the irregulalities 
surface of the film 14 is relaxed and keyholes can be 
completely removed from the film 14 by the reflow. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows- the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor device characterized by forming an 

insulator layer by the chemical vapor deposition using an organic silicon compound as a raw 

material, and carrying out a reflow after that at the temperature more than the membrane 

formation temperature of the insulator layer by this chemical vapor deposition after forming a 

ground oxide film first and processing the front face of this ground oxide film with an organic 

compound subsequently in forming the insulator layer of a semiconductor device. 

[Claim 2] LTO to which a ground oxide film uses a thermal oxidation film or a silane as a raw 

material A film and HTO NSG which uses a film or TEOS as a raw material The manufacture 

method of the semiconductor device according to claim 1 which is a film. 

[Claim 3] The manufacture method of a semiconductor device according to claim 1 or 2 of 

performing flattening processing further after carrying out a reflow. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the formation method of the insulator layer 
formed the manufacture method of a semiconductor device especially near the gate of a field 
effect transistor, and on the oxide film on silicon. 
[0002] 

[Description of the Prior Art] In recent years, high integration of a VLSI device and densification 
progress quickly, and semiconductor processing technology is becoming what has indispensable 
submicron lithography. Submicron lithography follows on progressing, the gate width of MOSFET 
also becomes small, the aspect ratio of the level difference contest gate polysilicon and near a 
sil icon substrate also becomes large by this, and the embedding of a between [ the level 
differences of the 1st layer insulation film formed on these ] is becoming difficult. 
[0003] Thus, ordinary pressure CVD using TEOS (tetraethoxysilane) and ozone which are one of 
the organic silanes in forming a good insulator layer on a thermal oxidation film with a high aspect 
ratio as material gas It is boron (B) by the method. And Lynn (P) Forming the doped TEOS-03 
BPSG film (borophosphosilicate glass) is known. 

[0004] Ordinary pressure CVD using the mixed gas of such an ozone-organic silane A method is 
JP,61-77695,A, "electrochemistry" 56, No.7 (1988), and 527-532. It is indicated by the page etc. 
moreover — as an organic silane — TEOS (tetraethoxysilane), TMOS (tetramethoxysilane), 
OMCTS (octamethylcyclotetrasiloxane), and HMDS (hexamethyldisiloxane) etc. — it is known 
[0005] 

[Problem(s) to be Solved by the Invention] However, the gate oxide-film thrust omission of B or 
P which passes a gate oxide film and B and P diffuse in a silicon substrate poses a problem as 
the thickness of a gate oxide film becomes thin with reduction of a design rule. When it runs 
through such a gate oxide film and B and P are spread in a silicon substrate, the configuration 
and size of a channel become a different thing from a design value, and there is a fault which 
worsens an electrical property. Therefore, as an insulator layer, the impurity of B or the P is 
carried out, and they are not contained, but the technology which forms the insulator layer 
excellent in the embedding property of a between [ the level differences which moreover have a 
high aspect ratio ] is demanded. Of course, since it is used as a layer insulation film, it is 
necessary to have the membraneous quality which was [ be / little degasifying / that there is 
little generating of a void, ] excellent. 

[0006] Thus, it is this NSG when adopting the NSG film (non-doped silicateglass) which dopes 
neither B nor P instead of a BPSG film. Since membranous membraneous quality is sensitively 
influenced in a surface state, it is difficult to form stably what has good membraneous quality. It 
is NSO in order to solve such a problem. Before forming a film, carrying out plasma treatment of 
the ground front face is proposed (collection [ of the 40th Japan Society of Applied Physics 
drafts, such as Kubo, ] F».579, 16 P-ZQ -6, September, 1992). However, with this solution, there 
is a fault in which a ground substrate receives a damage by plasma treatment. Especially the 
electric damage that gives near a gate electrode with **** to a transistor at plasma is serious, 
and has the fault which has a bad influence on transistor characteristics. 
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[0007] The purpose of this invention cancels the fault of the conventional insulator layer 
.formation method mentioned above, is effective in using as an insulator layer especially formed 

on the thermal oxidation film of a submicron device, excellent in the embedding nature of a 

between [ the level differences which have a high aspect ratio ], and it tends to offer the 
- manufacture method of the semiconductor device which can form an insulator layer without the 

damage to a ground while there is little moisture in a film and there is also little void generating 

[0008] 

[Means for Solving the Problem] In case the manufacture method of the semiconductor device 
by this invention forms the insulator layer of a semiconductor device, after it forms a ground 
oxide film first and subsequently processes the front face of this ground oxide film with an 
organic compound, it forms an insulator layer by the chemical vapor deposition using an organic 
silicon compound as a raw material, and is characterized by carrying out a reflow after that at 
the temperature more than the membrane formation temperature of the insulator layer by this 
chemical vapor deposition. 

[0009] In here, it is suitable that it is the NSG film (non-doped silicate glass) with which a ground 
oxide film uses as a raw material the LTO film (low temperature oxide), the HTO film (high 
temperature oxide), or TEOS which uses a thermal oxidation film or a silane as a raw material, 
and after carrying out a reflow of the above-mentioned insulator layer, it is more desirable to 
perform flattening processing. 

[0010] As the aforementioned organic compound, aliphatic saturation monohydric alcohol, 
aliphatic unsaturation monohydric alcohol, an aromatic alcohol, aliphatic saturation polyhydric 
alcohol, an aldehyde, the ether, a ketone, a carboxylic acid, a nitroalkane, an amine, acyl nitril, an 
acid amide, and a heterocyclic compound are mentioned, and the following matter can be used 
concretely. 

[0011] Aliphatic saturation monohydric alcohol: A methanol, ethanol, 1-propanol, 2-propanol, 1- 
butanol, 2-methyl-1-propanol, 2-butanol, 2-methyl-2-propanol, 1-pentanol, a 3-methyl-1- 
butanol, a 3-methyl-2-butanol, a 2-methyl-2-butanol, 1-hexanol, a cyclohexanol [0012] Aliphatic 
unsaturation monohydric alcohol: Allyl alcohol, propargyl alcohol, 2-methyl-3-butyne~2-oar 
[0013] Aromatic alcohols: Benzyl alcohol, furfuryl alcohol [0014] Aliphatic saturation polyhydric 
alcohol and the derivative of those: Ethylene glycol, a propylene glycol, a diethylene glycol, an 
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, an ethylene glycol 
monochrome n butyl ether, the ethylene glycol monochrome isobutyl ether, a propylene glycol 
monomethyl ether, an ethylene glycol wood ether, the diethylene-glycol monomethyl ether, a 
diethylene glycol monoethyl ether, a diethylene-glycol wood ether [0015] Aldehyde: 
Formaldehyde, an acetaldehyde, glyoxal [0016] Ether: Diethylether, a dioxane, a tetrahydrofuran, 
a tetrahydrofurfuryl alcohol [0017] Ketone keto alcohol: An acetone, 2-butanone, diacetone 
alcohol, gamma-butyrolactone, a propylene carbonate [0018] Carboxylic acid: A formic acid, an 
acetic acid, a propionic acid, a glycolic acid, a lactic acid, an ethyl lactate [0019] Nitroalkane: A 
nitromethane, a nitroethane, nitropropane, a nitrobenzene [0020] Amine: An ethylamine, 
propylamine, an isopropylamine, a butylamine, an isobutyl amine, an allylamine, an aniline, a 
toluidine, ethylenediamine, a diethylamine, ethyleneimine, a dipropyl amine, diisopropylamine, a 
dibutyl amine, a triethylamine, TORI n propylamine, TORI n butylamine [0021] Acyl nitril: An 
acetonitrile, a propiononitrile, a butyronitrile, acrylonitrile, a methacrylonitrile, a benzonitrile 
[0022] Acid amide: Formamide, N-methyl formamide, N.N-dimethylformamide, N-methyl 
acetamide, N, and N-dimethylacetamide, [0023] Heterocyclic compound: A pyridine, a quinoline, a 
pyrrole, a piperidine, a piperazine, a morpholine, 2-pyrrolidinone, 1 -methyl-2-pyrrolidinone [0024] 
The spin coat processing applied as an organic compound approach while carrying out the spin of 
the semiconductor water (application processing). The steam treatment which sprays the steam 
of an organic compound on a semiconductor wafer, the immersing processing immersed into the 
solution of an organic compound in a semiconductor wafer, The spray processing which carries 
out the spray of the solution of an organic compound, curtain flow coat processing in which the 
shower of an organic compound is made to pass a semiconductor substrate, etc., Various 
approaches are possible, the spin coat method has little consumption of an organic compound, 
and it is the most suitable from the ability to perform a uniform application and carry out **** 
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also of the dryness. 
10025] 

[Function] According to the manufacture method of the semiconductor device by such this 
invention, a ground oxide film is formed first. By forming an insulator layer by the chemical vapor 
-deposition which uses an organic silicon compound as a raw material, after performing easy 
processing referred to as carrying out organic compound processing of the front face of this 
ground oxide film While being able to cancel the membraneous ground dependency of this 
insulator layer and excelling especially in the embedding nature of a between [ level differences ], 
there is little moisture in a film, and the insulator layer in which a void and a crack also have few 
good membraneous quality can be formed stably. Moreover, since there is no damage to an 
element during formation of an insulator layer, the reliability of a semiconductor device can be 
improved. Furthermore, after formation of this insulator layer, since reflow processing is 
performed, the front face of an insulator layer can be made smooth, a level difference can be 
eased further, and the membraneous weak portion (keyhole) can be removed completely. 
[0026] Thus, the embedding nature of a between [ level differences ] is good by carrying out 
organic compound processing of the ground front face, and although why a membraneous good 
insulator layer is formed cannot be solved clearly, it can think as follows. By carrying out ethanol 
processing of the thermal oxidation film considers below the cause the embedding nature of an 
insulator layer and whose membraneous quality improve about TEOS. 

[0027] [Conversion by ethanol processing of 1. ground insulator layer front face] Plasma CVD of 
SiH4 used as an insulator layer, or the TEOS base Each of oxide films, heat CVD oxide films, and 
thermal oxidation films of Si is the things of composition near amorphous Si02 or amorphous 
Si02. It hydrates easily with the water in a process or air atmosphere, and the maximum front 
face of an amorphous substance Si02 is Si-OH. It has silanol type structure in many cases. Si- 
OH which exists in a front face Since it is drawn by the electron to the Si side with high 
electronegativity, it is [Formula 1] as a whole. 

<5 " 6 + 
-0 — H 

It polarizes in a ** form strongly and has the big dipole moment. Si-OH **** — there is a 
property to adsorb strongly the water which is a polar high molecule, alcohol, etc. for this 
polarization 

[0028] Thus, a front face is Si-OH. If the organic compound processing mentioned above is made 
to give and act on the insulator layer which becomes type structure, it will be presumed that the 
behavior of ** and ** arises below. 

** Many organic compounds are Si-OH. A front face is adsorbed in an operation of polarization. 
It is expected that the strength adsorbed differs by the near polarity of an organic compound, 
non-polar matter, such as a cyclohexane and benzene, is hard to adsorb on a front face, polar 
high matter, such as a lower alcohol, and an acetonitrile, a low-grade carboxylic acid, is adsorbed 
strongly, and the dioxane and ketones which have the polarity of a degree in the middle further 
are adsorbed by the middle strength. 

[0029] ** On the other hand, it is Si-OH. It works also as a Lewis acid (Lewis acid) which emits 
a proton, and interacts with an organic chemical with an activity others hydroxyl group. A typical 
example is the exchange reaction of the alkoxyl group which occurs between alcohol, for 
example, an esterification reaction like Si-OH+C2H5 OH=Si-OC2H5+H20 occurs between 
ethanol:C2H50H(s). Combination of Si-OC2H5 formed here is very firm, and Si-OC2H5 formed 
on the natural oxidation film of Si have a life for dozens of minutes or more also for the oxidizing 
atmosphere of 400 **. 

[0030] As mentioned above, by processing by the gaseous phase or the liquid phase by the 
organic compound, chemical adsorption of the organic compound molecule concerned takes 
place, and it is thought by processing by alcohols still like ethanol that an esterification reaction 
also occurs. Anyway, the silanol adsorbed or esterified in this way will lose the adsorption 
capacity force henceforth, and will change to an inactive surface state. 
[0031] It is [ [the gaseous-phase chemical reaction of a 2.03-TEOS system, membrane 
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formation-among gaseous phase chemical species], and ] 03-TEOS by time. Heat CVD At the 
^reaction, it is supposed that two kinds of middle chemicals (membrane formation chemical 
species) which contribute to membrane formation exist in a gaseous phase. That in which one 
has a silanol group: It is HO-Si (OC2H5)3. It is (A) and it is thought that it generates by the 

- chemical reaction of the following TEOS(s) (Si4 (OC2H5)) and atom-like oxygen [O]. In addition, 
TEOS and 03 do not react directly but it is supposed that the start of a reaction is happened 
from the atom-like oxygen [O] generated in the pyrolysis of 03. 

[Formula 2] 

Si(0C_H s ),+ 6 (CO =IIO-Si(OC z il a ) 3 + 2 CO a + 2 H 2 0 --(1) 

[0032] That is, it is the reaction which the ethoxy basis combined with Si decomposes in 
response to oxidization by the oxygen atom, and leaves a silanol. (1) It is C02 about an 
oxidization product final by the formula. H20 Although carried out, it thinks as the intermediate- 
stage story in fact via ethanol (C2H50H), a methanol (CH30H), an acetaldehyde (CH3CH0), a 
formaldehyde (HCHO), an acetic acid (CH3C00H), a formic acid (HCOOH), etc. 
[0033] Another intermediate field are siloxane polymer:(C2H50)3 Si-O-Si (OC2H5) (B)3. if 
fastidious — the above (1) condensation of the silanol intermediate field (A) generated by the 
formula — (2) — or (2') It is thought that it is formed of a reaction [ like ]. 
[Formula 3] 

2 ilO-Si(OC 2 H 5 ) 3 =«MI 5 0) 3 Si-0-Si(OC2JI»), + H,0 ---(2) 
Si(0C z H 9 ) 4 +H0-Si(0C 2 ll 3 )3 =CC,IU0) 3 S i-O-Si (0C 2 H a ) 3 + C 2 Il 5 0!i -(2' ) 

since the life of the silanol in the inside of a gaseous phase is generally considered to be short - 

- silanol intermediate field (A) — comparatively — short-lived — (2) (2') etc. — it is thought 
that it changes with condensation reactions to a siloxane polymer (B) easily 

[Formula 4] 

Si <0C 2 H 5 ) 4 — HO-Si (0C 2 I[ 5 ) 3 (A) -(C 2 iU0) a Si-O-SiCOCilU), (B) 

[0034] The above-mentioned silanol intermediate field (A) are Si-OH [ activity / in a molecule ]. 
Since it has a machine, it is quantity activity, there is a property of a polymerization plain-gauze 
cone, and also polarization in a molecule is also large and easy to adsorb to a substrate front 
face. On the other hand, siloxane intermediate fields (B) are subvital, and since they are a high- 
boiling point and low vapor pressure, its possibility of being liquefied in the membrane formation 
temperature grade is high. Since polarization is also small, it is thought that adsorption is hard to 
be carried out. 

[0035] Therefore, 03-TEOS Heat CVD In a reaction, when silanol intermediate field (A) mainly 
contribute to membrane formation Adsorption on the substrate front face of (A) takes place 
promptly, and it turns the poly silanol (Si (OH) n, n> 1) by ozone oxidization of the ethoxy basis 
in which the molecule subsequently adsorbed remained. And the generated silanol serves as a 
new adsorption site, and it is thought that it goes on so that it may say that a membrane 
formation-among gaseous phase kind (A) adsorbs here again (adsorption-decomposition 
mechanism). Since this reaction of (A) is activity, its life time of intermediate field is short, an 
attachment coefficient becomes large, adsorption to the part to which (A) is easy to be supplied 
will take place at high speed, and step coverage will get worse. Moreover, since the probability 
that a silanol remains in a film as it is also increases, the membraneous quality of the obtained 
oxide film and its homogeneity will be relatively bad, and will become an inclination also with 
many moisture contents by which a front face etc. is adsorbed. 

[0036] this — contrastive — a siloxane polymerization — the inside of the body — since 
adsorption cannot take place easily when a between object (B) mainly contributes to membrane 
formation, it is thought that the diffusion (flow) by the boundary tension of the polymer on the 
front face of a substrate governs membrane formation Although the polymer which spread on the 
front face receives silanoHzing and the polymerization by ozone oxidization again, since it is 
thought that the free silanol density which appears in a front face is small, it is thought that a 
membrane formation-among gaseous phase kind (B)'is again deposited in a flow (polymerization- 
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flow mechanism). Since the life time of this intermediate field (B) is long, step coverage goes up 
_and it serves as a flow-like configuration. In order that the residual silanol of a film front face and 
the interior may decrease, membraneous quality becomes good relatively. 

[0037] (A) and (B) — finally the chemical species which which intermediate field also set to rule 
• over and deposited by heat or superfluous ozone decompose and oxidize — having — Si-O-Si a 
network is formed and close to a stoichiometry — amorphous — Si02 is approached In addition, 
only one of (A) and the (B) is considered that it does not necessarily participate in membrane 
formation and two sorts of chemical species are always involving, and is considered that the 
balance to which it participates in membrane formation of (A) and (B) by the surface state of 
membrane formation parameters, such as an ozone level and membrane formation temperature, 
or a ground changes. 

[0038] [The surface state of 3. ground and relation of a gaseous-phase chemical reaction] The 
configuration after membrane formation receives a big change by balance of the membrane 
formation chemical species in a gaseous phase so that clearly from explanation of the above- 
mentioned mechanism. At the conventional method which does not perform organic compound 
processing to a ground front face in here, it is Si-OH to a substrate. The adsorption site is 
distributed by high density, therefore it is 03-TEOS. In the case of membrane formation, silanol 
intermediate field (A) are considered to adsorb on a front face immediately, without waiting for 
polymerization reaction by the big polarization among the chemical species in a gaseous phase. 
The silanol which may serve as a new adsorption site in response to oxidization by ozone or heat 
immediately generates it, or the adsorbed silanol is receiving addition by other silanol 
intermediate fields (A), and henceforth, all the time, film deposition according [ (A) ] to a 
dominant adsorption-decomposition mechanism continues, and it advances. Moreover, it is 
thought that it goes on in parallel with (A) although the deposition by the siloxane polymer (B) 
also has few rates, the membraneous local change by mixture of two membrane formation kinds 
takes place, and this is BHF. It is thought that it may be the cause of the unevenness when 
***5i<+%*+sj<5|<ing. 

[0039] on the other hand, this invention — following — a ground insulator layer — an organic 
compound — processing — the adsorption on the front face of a ground — the case where all 
activity silanols are crushed — 03-TEOS The silanol intermediate field (A) of a substrate 
adsorbing are lost in the case of membrane formation. Therefore, the residence time in the inside 
of a gaseous phase is extended, and in order that the probability of changing to a siloxane 
polymer (B) may increase, the rate of (B) becomes high in membrane formation-among gaseous 
phase chemical species. The siloxane polymer of (B) spreads so that a substrate front face may 
be worn with boundary tension. And since this polymer does not have an activity silanol, once a 
film front face is being worn by (B), henceforth is not adsorbed, but by subsequent deposition, 
altogether, a flow of a siloxane polymer (B) serves as a subject, and silanol intermediate field (A) 
will advance, and will be considered that the good oxide film of embedding nature, flat nature, and 
membraneous quality is formed. 

[0040] The state of the substrate before membrane formation can have influence decisive to the 
last on a next membrane formation mechanism as stated above. Membrane formation 
pretreatment by the organic compound according to this invention A perfect effect will be 
acquired if the activity adsorption site on the front face of a ground is altogether adsorbed in an 
organic compound according to being guessed from the above-mentioned mechanism. As long as 
it is the organic compound from which it is not desorbed in the membrane formation temperature 
of about 400 **, which organic compound is sufficient. It is thought that it does not **** in this 
membrane formation temperature, but especially the lower alcohol with a polar high acetonitrile 
or an esterification operation remains stably, and will probably be the most suitable. 
[0041] in addition, in an early process, the absolute value of the boundary tension between this 
polymer and a substrate front face has highest possibility of the membrane formation to which a 
siloxane polymer flows with boundary tension of affecting the last flow configuration. That is, the 
wettability of a polymer and a processed [ organic compound ] substrate front face is important, 
and as an organic compound kind, it is desirable to make the chemical species which get wet in a 
polymer well by processing adsorb or esterify, in order to acquire a good flow configuration. It is 
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guessed that the result with the processing desirable also in fact by ethanol and the 2- 
_ ethoxyethanol with the same functional group as a polymer is given because [ the ]. 
[0042] Although this is the theory and a thing based on the result of an experiment, it is 
reasoning to the last and this invention of it not being that to which the technical range is limited 
- by such reasoning is natural. 
[0043] As a ground oxide film which performs processing with the above organic compounds, 
they are a thermal oxidation film, LTO which uses a silane as a raw material, and HTO. Or NSG 
which uses TEOS as a raw material It is mentioned, since the insulator layer which contains 
neither B nor P can form membranes in this invention — NSG of the silane of a ground, or the 
TEOS base **** — it is thin or can also omit (it corresponds, when it omits and membranes are 
soon formed on a thermal oxidation film) 

[0044] Next, after organic compound processing is a chemical vapor deposition (CVD) which 
uses an organic silicon compound as a raw material. It carries out. as this organic silicon 
compound — TEOS, TMOS, OMTCS, HMDS, start of block, DADBS, and SOP etc. — the organic 
silicon compound of the following made into the example of representation is mentioned 
[0045] They are as follows :tetramethoxy silane (TMOS), a tetrapod ethoxy silane (TEOS), 
tetrapod n propoxysilane, tetrapod isopropoxysilane, and tetrapod n butoxysilane [0046] as 
tetrapod alkoxysilane. As being a degree as alkyl alkoxysilane : Methyl trimetoxysilane, Methyl 
triethoxysilane, MECHIRUTORI n propoxysilane, a methyl triisopropoxy silane, Ethyl 
trimethoxysilane, ethyltriethoxysilane, ECHIRUTORI n propoxysilane, An ethyl triisopropoxy 
silane, vinyltrimetoxysilane, vinyltriethoxysilane, Phenyl trimethoxysilane dimethyl 
dimethoxysilane, dimethyl diethoxysilane, Diethyl dimethoxysilane, diethyl diethoxysilane, 
JIECHIRUJI n propoxysilane, Diethyl diisopropoxysilane, methyl vinyldimetoxysilane, methyl vinyl 
diethoxysilane methyl dimethoxysilane, methyldiethoxysilane JIMECHIRUBINIRU 
METOKISHISHIRAN, a dimethyl vinyl ethoxy silane [0047] It is :tetrakis (dimethyl siloxy) silane 
[0048] as a polysiloxane. As being a degree as cyclosiloxane: Octamethylcyclotetrasiloxane 
(OMCTS), pen reservoir chill cyclotetrasiloxane, tetramethyl cyclotetrasiloxane, a hexa methyl 
cyclotrisiloxane, a trimethyl cyclotrisiloxane [0049] They are as follows :hexa methyl disiloxane 
(HMDS), tetramethyl dimethoxy disiloxane, dimethyltetramethoxydisiloxane, and hexamethoxy 
disiloxane [0050] as disiloxane. They are as follows rmonomethyl silane, dimethylsilane, a 
trimethyl silane, a triethyl silane, a tetramethylsilane, and a tetraethyl 

SHIRANARIRUTORIMECHIRUSHIRANHEKISA methyl disilane [0051] as an alkyl silane. They are 
as follows :dimethyl trimethyl silylamine and diethyl trimethyl silylamine [0052] as silylamine. They 
are as follows :aminopropyl triethoxysilane trimethylsilyl azide and trimethylsilyl cyanide [0053] as 
a silane nitrogen derivative. As being a degree as a silazane: A hexamethyldisilazane, tetramethyl 
disilazane octamethyl SHIKUROTETORASHIRAZAN, a hexa methyl SHIKUROTORI silazane 
[0054] As being a degree as a halogenation silane and a derivative : A trimethylchlorosilane, A 
triethyl chlorosilicane, a TORI n propyl chlorosilicane, methyl dichlorosilane, A dimethyl 
chlorosilicane, a chloro methyl dimethyl chlorosilicane, a chloro methyl trimethyl silane, 
Chloropropyl methyl dichlorosilane, a chloropropyl trimethoxysilane dimethyldichlorosilane, 
Diethyl dichlorosilane, methyl vinyl dichlorosilane, a methyltrichlorosilane, an ethyl trichlorosilane, 
a vinyl trichlorosilane, a truffe ROROPURO pill trichlorosilane, truffe ROROPURO pill 
trimethoxysilane, trimethylsilyliodide. 

[0055] furthermore, a tris (trimethylsiloxy) borane (start of block), the tris (trimethylsiloxy) 
phosphoryl (SOP), and JIASETOKISHIJI-tert-butoxysilane (DADBS) etc. — it can use 
[0056] A chemical vapor deposition is an ordinary pressure or reduced pressure CVD. A method 
(1 - 760 Torr) is suitable. The organic silicon compound of a raw material is supplied to the 
bubbler warmed by constant temperature, by making nitrogen, oxygen, helium, etc. into carrier 
gas, carries out bubbling and is conveyed to a membrane formation chamber. As for piping after 
bubbling, being warmed is desirable because of condensation prevention, moreover — reactant 
gas — oxygen or ozone — more than concentration 0.1 wt% — desirable — more than 4wt% — 
the included oxygen gas is used It is also possible to dilute with inert gas, such as nitrogen, 
suitably furthermore. Especially the flow rate of these organic silicon compound, reactant gas, 
and carrier gas is not limited. The membrane formation temperature of an insulator layer is 200 - 
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700 **. 

. [0057] Next, after formation of an insulator layer improves flat nature further by heating and 
carrying out a reflow to the temperature more than the softening temperature of this insulator 
layer. Generally, this concrete reflow temperature is more than membrane formation 

- temperature, and is 700 - 900 ** suitably. 
[0058] In this invention, flattening processing can also be carried out after reflow processing 
aiming at perfect flattening. As this flattening processing, they are a resist or SOG. After forming 
a film, there is an example which carries out etchback with doped silicate glass 
[0059] 

[Example] (Example 1) With reference to a drawing, the example of this invention is explained 
hereafter. Drawin g_l shows some semiconductor devices manufactured by the method by this 
invention. A 8 inches silicon wafer is prepared and it is 1.0 on this substrate, mum It is pattern 
width of face 0.5 by forming contest polysilicon and **********ing after that, mum and height 
1.0 mum and space width of face 0.5 mum The level difference of contest 12 polysilicon was 
formed. The aspect ratio was set to about 2. This substrate was formed with pure water and the 
thermal oxidation film 13 with a thickness of 50nm was formed by dry oxidization after washing. 
Subsequently, a substrate is attached in a spin coater as organic compound processing, 3ml 
ethanol is dropped within in 1 second, making it rotate by 3000 rpm, and rotation was maintained 
for 3 minutes as it was, and it was made to dry. Moreover, the substrate which does not perform 
this organic compound processing for comparison was also prepared. Then, these substrates are 
conveyed in a membrane formation chamber, and it is the ordinary-pressure heat CVD. About 
600 nm membrane formation of the insulator layer 14 was carried out using TEOS by the 
method. Material gas was taught to the bubbler which kept it warm at 65 degrees C on the 
occasion of this membrane formation, bubbling was carried out with the nitrogen gas of about 2 
slm, it conveyed, and, in 400 ** and the membrane formation pressure, an ordinary pressure and 
membrane formation time made [ the temperature of membrane formation ] ozone 10 minutes at 
reactant gas using the oxygen gas mixed 5%. Among nitrogen-gas-atmosphere mind, by 700 **, 
after membrane formation was heated for 10 minutes, and carried out a reflow. Thus, it 
investigated [ insulator layer / which was obtained / 14 ] about membraneous quality and flat 
nature. About this flat nature, the taper angle theta shown in drawing. 2 is measured and 
searched for from observation of a cross-section electron microscope photograph. 
Consequently, in the example which performed organic compound processing, the film of flat 
nature with which flat nature was excellent in the taper angle with about 15 degrees was 
obtained. Moreover, the membraneous quality of the level difference by which it is completely 
embedded and a keyhole is not observed, either was also fully good. On the other hand, in the 
example of comparison which does not perform organic compound processing, the keyhole was 
observed everywhere, and the embedding of a level difference was also imperfect. Moreover, the 
taper angle exceeded 90 degrees and became an exaggerated hanging configuration. 
[0060] (Example 2) As shown in drawing 3 , a 8 inches silicon wafer is prepared, and it is 1 
micrometer on this substrate. It is pattern width of face 0.5 by forming contest polysilicon and 
**********j ng a ft er tnat mum and ne jgh t 10 mum and space width of face 0.5 mum The level 
difference of contest 12 polysilicon was formed. Subsequently, ordinary-pressure heat CVD of a 
mono silane and a nitrous oxide A level difference is the depth 0.9 when the film 15 (LTO) of an 
oxidization silicon was formed by the method, mum and space width of face 0.3 mum It became 
and the aspect ratio was set to about 3. Subsequently, a substrate is attached in a spin coater 
as organic compound processing, it is dropped 3ml less than [ methanol 1 second ], making it 
rotate by 3000 rpm, and rotation was maintained for 1 minute as it was, and it was made to dry. 
Moreover, the substrate which does not perform this organic compound processing for 
comparison was also prepared. Then, these substrates are conveyed in a membrane formation 
chamber, and it is the ordinary-pressure heat CVD. About 600 nm membrane formation of the 
insulator layer 14 was carried out using TEOS by the method. The membrane formation 
conditions in this case are the same as an example 1. Among nitrogen-gas-atmosphere mind, by 
700 **, after membrane formation was heated for 20 minutes, and carried out a reflow. Thus, 
about the obtained insulator layer 14, the film of flat nature with which flat nature excelled 
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[ example / which performed organic compound processing ] in the taper angle with about 1 7 
.degrees when investigated about membraneous quality and flat nature was obtained. Moreover, 
the membraneous quality of the level difference by which it is completely embedded and a 
keyhole is not observed, either was also fully good. On the other hand, in the example of 
comparison which does not perform organic compound processing, the keyhole was observed 
everywhere, and the embedding of a level difference was also imperfect. Moreover, the taper 
angle exceeded 90 degrees and became an exaggerated hanging configuration. 
[0061] This invention is not limited only to the example mentioned above, and many change and 
deformation are possible for it. For example, although the ozone-TEOS CVD NSG film was 
formed in the example mentioned above after processing with ethanol or a methanol, TMOS and 
OMCTS which are other organic silane gas, HMDS, etc. can also be used. Moreover, at the 
example mentioned above, they are after processing and the ordinary-pressure ozone-organic 
silane CVD with ethanol or a methanol. Although the insulator layer was formed by the method, it 
is reduced pressure CVD. A method, Pressurization CVD, and plasma CVD A method or optical 
pumping CVD A method can be adopted and an insulator layer can also be formed. 
[0062] 

[Effect of the Invention] As mentioned above, it sets to the manufacture method of the 
semiconductor device by this invention, and it is CVD to the front face of a ground oxide film. 
NSG to depend It precedes forming a film, and the embedding nature of a between [ the level 
differences which have a high aspect ratio by very easy processing in which the front face of a 
ground oxide film is processed with an organic compound ] is good, and can form a good insulator 
layer without a void into an insulator layer. Moreover, after that, by carrying out a reflow at the 
temperature more than the membrane formation temperature of the insulator layer by this 
chemical vapor deposition, the front face of an insulator layer can be made smooth, a level 
difference can be eased further, and a membraneous weak portion (keyhole) can be removed 
completely. 
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